online | memorias.ioc.fiocruz.br Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 105(8): 970-977, December 2010 Hepatitis B virus (HBV) (family Hepadnaviridae, genus Orthohepadnavirus) is an etiologic agent of acute and chronic liver disease in humans. It is estimated that more than 2 billion people in the world have been infected with HBV. Of these, approximately 360 million are chronically infected and at risk of serious illness and death from cirrhosis and hepatocellular carcinoma (WHO 2004) . At least 65 million of all chronically infected individuals live in Africa (WHO 2004 , Kramvis & Kew 2007 . The prevalence of HBV surface antigen (HBsAg) has been reported to vary substantially among African countries from less than 5% to up to 15% (Sutcliffe et al. 2002 , Msuya et al. 2006 , Pirillo et al. 2007 ). Sub-Saharan Africa is a region where the prevalence of anti-HBV antibodies and HBsAg is very high (Pawlotsky et al. 1995 , Kurbanov et al. 2005 , Makuwa et al. 2006 , Bekondi et al. 2007 ). Antibody to HBV core antibody (anti-HBc) prevalence in western Africa is estimated to be more than 85% (Kramvis & Kew 2007) . Regions of low, intermediate and high prevalence of HBsAg can also be found in Africa. Despite this high number, the epidemiological and molecular patterns of HBV are still poorly documented in some countries, including Angola.
Angola is a country with an estimated population of 17 million and a total area of 1.24 million km 2 . Located on the west coast of Southern Africa, Angola is bordered by the Democratic Republic of Congo (formerly Zaire), Zambia and Namibia. Of the few studies that have been conducted in these countries, it has been suggested that Namibia is a region of high (18%) HBsAg prevalence (Botha et al. 1984 , Steele et al. 1995 Zambia and the Democratic Republic of Congo are of intermediary endemicity, with 6.5% and 5.4% HBsAg prevalence, respectively (Oshitani et al. 1995 , André 2000 , Batina et al. 2007 ). The results from the few previous studies conducted in Angola showed the presence of HBV in pregnant women with or without jaundice (Strand et al. 2003) and estimated the HBsAg prevalence to be 13% among patients and healthcare workers from a hospital in Mucusso, Angola (Steele & Bos 1996) .
HBV is classified into eight genotypes (A-H) that are related to their geographical origins. The genotypes are based on the greater than 8% sequence divergence that exists throughout the entire genome of the virus (Kramvis et al. 2005 , Schaefer 2007 ). Most genotypes have been divided into subgenotypes with distinct virological and epidemiological properties. Recently, two new genotypes, designated I (Olinger et al. 2008 ) and J (Tatematsu et al. 2009 ), have also been proposed. In Africa, genotypes A, D and E are the most predominant. It is well established that genotype A is prevalent in Northwest Europe, Africa and the Americas. Genotype A, which circulates in Africa, was initially divided into two subgroups: A1 and A2. Subgroup A1 has been previously identified in three countries in sub-Saharan Africa, including South Africa, Zimbabwe and Malawi, which suggests that subgroup A1 evolved within the indigenous populations of some African countries . Studies of subgroup A2, classified as an "European" genotype, suggest that it may have been introduced to Europe by Portuguese traders who travelled through southern Africa during the XV century (Kramvis & Kew 2007) . Hannoun et al. (2005) have also speculated that the A2 subgenotype evolved from a subgroup of A1 isolates. A third subgenotype, named A3, was originally isolated in Cameroon (Kurbanov et al. 2005 ) and was subsequently identified in isolates from Gambia (Hannoun et al. 2005) and Mali (Olinger et al. 2006) . The subgenotypes A4 and A5 were identified in Mali and Nigeria, respectively (Hannoun et al. 2005 , Olinger et al. 2006 . Currently, two new subgenotypes have been proposed, including A6, which was identified in patients from the Belgian Congo and Rwanda (Pourkarim et al. 2010) , and A7, which was isolated in a subset of individuals from Cameroon (Hübschen et al) . Genotype D is widespread, with a high prevalence in the Mediterranean and Middle East regions. At least seven subgenotypes within genotype D are known (designated D1-D7) (Meldal et al. 2009 (Kramvis & Kew 2007) . Genotype E is the most prevalent genotype in western and central Africa. Genotype E isolates have low genetic variability with unique features, such as an in-frame deletion of three nucleotides in the 5′-pre-S1 and, as deduced from the amino acid sequence of HBsAg, the rare serotype, ayw4. Another unique feature of genotype E isolates is a second start codon in the pre-S1 region (Kramvis & Kew 2007) . Due to its low genetic variability and the fact that this genotype is exclusively found in Africa or African descendants, Mulders et al. (2004) suggested that the introduction of genotype E into the human population is a more recent event that occurred from the mid to the late XIX century, at a time when the slave trade was already over.
The aim of the present study was to determine the prevalence and risk factors associated with HBV infection among staff, visitors and patients of a public hospital in Luanda, Angola, and to assess the HBV genotypes of these individuals.
PATIENTS, MATERIALS AND METHODS
Study population -Five hundred and eight individuals, including staff, visitors and patients of the Divine Providence Hospital in Luanda, were investigated. The population ranged from 18-76 years of age. Three hundred and twenty-six individuals were female and 182 were male. Informed consent was obtained from all participants. The individuals were asked about their socio-demographic characteristics (age, ethnicity, place of birth, schooling, occupation, marital status and the number of people living in the same house), exposure to risk factors linked to blood transmission, such as surgery, circumcision, organ transplant, blood transfusions, tattoos, body piercing/earrings or sharing of personal tools, family history or selfinfected by HBV. Volunteers were also asked about their sexual behavior, including sexual orientation, number of sexual partners and condom use and their histories of sexually transmitted diseases. Information about the human immunodeficiency virus (HIV) status, use of drugs for HIV therapies, HBV vaccination and use of injected drugs for each of the individuals was also collected.
Although the study was conducted at a hospital in Luanda, only 33.4% of the individuals were born in Luanda and 66.1% were born in other Angolan provinces. Blood samples and sera were collected and stored at -20°C until use. The protocol used in this study was approved by the Ethical Committee of Oswaldo Cruz Foundation and by the Ethical Committee of the Republic of Angola.
Serological tests -Serum samples were screened by commercial enzyme linked immunosorbent assay (ELI-SA) for the presence of HBsAg (Biokit, Barcelona, Spain), anti-HBc, anti-HBc IgM and HBV surface antibody (antiHBs) (Diasorin, Sallugia, Italy). HBsAg-positive samples were also tested for the presence of HBV "e" antigen (HBeAg) and anti-hepatitis Be antibody (anti-Hbe) (Diasorin, Sallugia, Italy). These samples were also investigated for the presence of antibodies against HIV using the Vironostika HIV Uni-Form II Plus O (bioMérieux, Marcy l'Etoile, France). This commercial ELISA is useful for detecting antibodies against HIV-I, II and group O.
HBV-DNA detection and genotyping -Total nucleic acids were extracted from HBsAg-positive samples using the High Pure Viral Nucleic Acid kit (Roche Applied Science, Mannheim, Germany) following the manufacturer's instructions. HBV-DNA detection was performed by amplification of the pre-S/S region of the genome using a semi-nested polymerase chain reaction (PCR) assay. The first round of PCR was performed with 1 µL of DNA and 1 U of Taq DNA polymerase (Invitrogen, Carlsbad, San Diego, CA) in a final volume of 25 µL. The primers used to amplify the pre-S/S region of HBV were PS1 (5'-CCATATTCTTGGGAACAAGA-3', nucleotide position 2826-2845) and P3 (5'-AAAGCCCAAAAGACCCACAA-3', nucleotide position 1019-1000), for the first round, and PS1 and S2 (S2, 5'-GGGTTTAAATGTATACCCAAAA-3', nucleotide position 819-841), for the second round. After an initial denaturation step (3 min at 94°C), DNA was amplified using 30 cycles at 95°C for 30 s, 52°C for 40 s and 72°C for 2 min, followed by a final extension of 72°C for 7 min. The second round of amplification was performed with 1 µL of the PCR product from the first round of amplification along with sense primer PS1 and antisense primer S2 in a final volume of 50 µL under the same conditions used for the first round. This two-round PCR assay has been used in several other studies (Niel et al. 1994 , Araujo et al. 2004 ) and it has the sensitivity to detect approximately 30 DNA molecules. PCR products were loaded on 1.5% agarose gels, separated by electrophoresis, stained with ethidium bromide and visualized under UV light. Genotyping was performed by restriction fragment length polymorphism (RFLP) analysis as previously described (Araujo et al. 2004 ) using 10 μL of PCR products digested separately with two units each of BamHI, EcoRI and StuI restriction endonucleases (Roche Molecular Biochemicals, Mannheim, Germany) at 37°C for 2 h. Digested products were analyzed by electrophoresis in 2% agarose gels. The RFLP patterns were used for genotyping.
HBV sequencing -PCR products from pre-S/S regions were loaded onto 2% agarose gels and DNA bands were extracted from the agarose gels. Nucleotide sequences from these regions were determined by direct sequencing using the BigDye Terminator kit (Applied Biosystems, Foster City, CA, USA) with specific, internal HBV primers. Sequencing reactions were analyzed on an ABI373 automated sequencer (Applied Biosystems). Bioinformatics analyses of the sequences were performed using the Molecular Evolutionary Genetics Analysis software, version 4 (Tamura et al. 2007 ). Phylogenetics analyses were performed by comparing the sequences that were obtained in this study with international sequences that are representative of other genotypes, including specific African sequences.
Statistical analyses -A bivariate analysis was performed using the Chi-square (χ 2 ) test for independence with Yate's continuity correction and χ 2 for trends when appropriate to compare proportions. A two-tailed p value < 0.05 was considered statistically significant. All calculations, including multiple logistic regression analysis, were performed with the Statistical Package for the Social Sciences (SPSS for Windows, release 12.0; SPSS, Inc, Chicago, IL, USA).
RESULTS
Epidemiology of HBV -Among the 508 individuals that were investigated for HBV epidemiological risk factors and serological markers, 182 (35.8%) were male and 326 (64.2%) were female. The median age of the participants was 34 years (range from 18-76 years). The overall anti-HBc prevalence was 79.7% (n = 405), indicating that a high proportion of the population had been previously exposed to HBV. HBsAg/anti-HBc serological markers were found in 77 (15.1%) subjects [38 male (M), 39 female (F)]. The anti-HBs/anti-HBc-positive serological pattern, corresponding to a resolved past HBV infection, was observed in 233 (45.8%) individuals (77 M, 156 F). As much as 6.3% of the population, which corresponds to 25 out of the 77 (32%) HBsAg-positive individuals, simultaneously showed HBsAg, anti-HBs and anti-HBc markers. All HBsAg-positive samples were negative for anti-HBc IgM. Twenty-two (4.3%) individuals (8 M, 14 F) were positive for anti-HBs only, a serological pattern associated with a previous HBV vaccination, although only eight people declared that they had been vaccinated against HBV. This suggests that most of these individuals were positive for anti-HBs with undetectable levels of anti-HBc. One hundred and twenty-eight (14.8%) individuals (52 M, 76 F) were positive for anti-HBc alone and the remaining volunteers (21 M, 59 F, 15.7% of the total) had no HBV serological markers.
Several risk factors for HBV infection were evaluated (see Patients, Materials and Methods); however, only a few of them were significantly different between the HBV-infected and non-infected populations (Table) . The seroprevalence of HBsAg was higher in men when compared to women (21.4% vs. 11.6%, p = 0.0046). Previous self-history of hepatitis was significant for anti-HBc positivity (p = 0.0465) and extremely significant (p = 0.0004) for HBsAg positivity. The relationship of circumcision with HBV serological markers was evaluated only in men. Circumcision was significantly associated with anti-HBc positivity (p = 0.004), but not with HBsAg positivity. Considering that only a few men (11/182) declared that they had earrings or piercings, this variable was analyzed only in women. No significant association was found between earrings or piercings and HBV markers. There were no significant differences in HBsAg prevalence among adults between age groups younger than 50 years (17.6%, 15.1% and 17.2% in age groups of 18-29, 30-39 and 40-49, respectively) ; however, the HBsAg prevalence decreased to 6.9% in people over 50 years old. HBsAg is more prevalent in men of all age groups (Fig.  1A) . Most (71.4%) HBsAg-positive samples were antiHBe positive. HBeAg was found in 18.2% of men and the remaining 10.4% were either positive (4 samples) or negative (4 samples) for both HBeAg and anti-HBe.
HBV/HIV co-infection -Among the studied population, 210 (42%) individuals declared that they have had an HIV detection test and 72 of these individuals declared that they were HIV positive (all 72 individuals were in treatment for HIV/AIDS at the hospital). The entire study population was also tested in our laboratory for HIV seropositivity, confirming anti-HIV in these 72 people and in 33 more individuals. HIV prevalence was highest in adults aged 30-39 years old (30.3%) and lowest in people older than 50 years of age (11.1%). Age groups Fig. 1A : prevalence of hepatitis B virus surface antigen according to gender and age (black columns: female gender; white columns: male gender); B: prevalence of anti-human immunodeficiency virus by gender and age (black columns: female gender; white columns: male gender). Fig. 2A : phylogenetic tree of pre-S/S nucleotide sequences. Sequences from this work are displayed in red (derived from individuals whose birth places were at same latitude of Luanda), blue (north of Luanda) and green (south of Luanda). Sequences obtained in this study are available on GenBank under accession from HM195104-HM195118; B: Lower part: map from Angolan provinces. Circles represent birth places of individuals whose hepatitis B virus isolates were genotyped (color codes as described above).
netics analyses (Fig. 2) confirmed the results of all RFLP genotypes and showed that genotype E isolates from Angola (sequences named by their LDA numbers followed by birth places) did not cluster separately from those within Africa. Among the four genotype A isolates, two clustered within subgenotype A1 (LDA 296-Zaire and LDA300-Uíge) and one clustered within subgenotype A3 (LDA 57-Zaire). The last sample from genotype A, LDA 495-Luanda, clustered within subgenotype A2 (the phylogeny was obtained by alignment of the S region because the pre-S/S region of this sample was not able to be amplified by PCR; data not shown). Interestingly, subgenotypes A1 and A3 were derived from people who were born to the north of Luanda (Fig. 2) .
DISCUSSION
Despite the high endemicity of HBV infection in sub-Saharan Africa, little is known about HBV seroepidemiology and genotype distribution in many African countries, such as Angola. The only previously published study of our knowledge about HBV epidemiology, conducted more than 10 years ago in Angola (Steele & Bos 1996) , showed a high (79%) prevalence of HBV. The present study confirmed that extremely high HBV rates exist in Angola because 79.7% of the studied population was anti-HBc positive, which indicates previous contact with the virus, and 15.1% of the individuals were carriers of HBsAg, which is a marker of active HBV infection. Despite the burden of hepatitis B in Angola, only a few individuals declared that they had been vaccinated against HBV. Our data show that Luanda is a hyperendemic area for HBV infection and emphasizes the need for HBV prevention programs for adults to reduce the spread of this important human pathogen. It is known that HBeAg levels may vary greatly from one African population to another (Kramvis & Kew 2007) . In our study, the levels of HBeAg (18.2%) were similar to those found in adults in Benin (19%) and slightly lower than those found in adults in Ethiopia (23%) and Zimbabwe (25%). Yet, HBeAg levels found in Luanda were much higher than those recorded in other African countries, such as the Central African Republic (4.5%) and Nigeria (2.3%) (Kramvis & Kew 2007) .
Risk factors for HBV infection may vary considerably depending on epidemiological data, the geographic region and the social, cultural and demographic characteristics of different populations. Some predisposing risk factors have been associated with HBV infection in different African populations, such as unprotected sexual activities (Abou et al. 2009 ), multiple sexual partners and blood transfusions (Adoga et al. 2009 ). In this cohort of Angolans, HBV infection was not associated with the most common predisposing risk factors, which is probably due to the very high rate of HBV infection in this cohort (about 80%). The knowledge of a past hepatitis infection was the only statistically significant factor associated with both anti-HBc and HBsAg markers.
Differences in HBsAg rates between genders were found in some populations, but not in others (Kramvis & Kew 2007 ). In our study, HBsAg prevalence was higher in men than in women (p = 0.0049).
In sub-Saharan Africa, the predominant HBV transmission route is horizontal, mostly due to children being infected during early childhood (under 5 years of age) (Kew 1996 , Martinson et al. 1998 , Dumpis et al. 2001 . Perinatal transmission seems to play a minor role in Africa, which is in contrast to what is observed in other high-prevalence endemic areas, such as southeast Asia, where materno-fetal transmission is the dominant route of transmission (Zhang et al. 1998) . In low-endemic countries, such as western Europe, sexual transmission and high-risk behavior represent major factors (François et al. 2008) . Here, no significant differences in HBsAg prevalence were found between adults in the range of 18-49 years old. Individuals younger than 18 years old were not analyzed. Consequently, it was not possible to determine which route of transmission is more important: horizontal-childhood transmission or sexual transmission. Considering that Angola is a hyperendemic area for HBV infection, it is possible that a higher rate of transmission occurs during childhood than in adulthood.
Studies conducted in Africa showed that rates of HBV co-infection among HIV-positive individuals vary from 6.1% in Kenya (Harania et al. 2008 ) to 25.9% in Nigeria (Uneke et al. 2005) . Among the individuals from Divine Providence Hospital, 18% of HIV patients were co-infected with HBV. Despite HBV and HIV sharing common routes of transmission (parenteral and sexual), our data suggest that the two viruses were differentially transmitted and/or maintained between genders and age groups. Indeed, HBV infection was more prevalent in men than in women in all age groups while HIV showed a different pattern depending on age. In younger people, HIV was more prevalent in women, while in older people, HIV was more prevalent in men (Fig. 1B) .
In this study, HBV DNA was detected in 53% of the HBsAg-positive samples. This rate was lower than the 84% obtained in previous studies with HBsAg-positive samples from Brazilian patients using the same method (Araujo et al. 2004 ) and the 98% obtained with other methods (real time PCR, transcription-mediated amplification) among HBsAg-positive samples from Ghana, a country where genotype E is circulating (Allain et al. 2003) . Differences in methodologies, HBeAg positivity rates and/or viral loads may account for these differences.
HBV genotype E was the most prevalent genotype, which was found in 87.5% (35/40) of the genotyped samples, followed by genotype A, which was found in 10% (4/40) of samples. Genotype D is the dominant genotype in northern Africa; however, it was identified in only one sample, which was derived from a Brazilian woman who works at the Divine Providence Hospital (Fig. 2) . It was not possible to determine the place of origin of this isolate because genotype D was found to be predominant in the Brazilian population (Araujo et al. 2004 , Mello et al. 2007 . Genotype E is thought to be the most recent genotype originating in Africa. It is exclusively found in Africa or in African descendants living worldwide (Bekondi et al. 2007 , Kramvis & Kew 2007 , Palumbo et al. 2007 , Sitnik et al. 2007 ). Within Africa, it has a higher prevalence in Western African countries, including Senegal, Cote d'Ivoire, Ghana, Nigeria and Namibia (Dumpis et al. 2001 , Kramvis et al. 2005 , Kramvis & Kew 2007 ). In our study, most of the HBV isolates belonged to genotype E, which supports the idea that this genotype is the most prevalent genotype in west Africa (Bekondi et al. 2007 , Kramvis & Kew 2007 .
Genotype A is found predominantly in southern, eastern and central Africa (Kramvis & Kew 2007) . Previous studies have suggested that isolates of genotype A have a longer natural history in Africa than the two other genotypes, D and E (Andernach et al. 2009a, b) . Most of the African-derived genotype A isolates that have been sequenced to date belong to subgenotype A1, which is also the most prevalent subgenotype in Brazil (Araujo et al. 2004 , Mello et al. 2007 ). Subgenotype A1 is thought to have been introduced into Brazil during the slave trade (Motta-Castro et al. 2008) . Angola was one of the main suppliers of the slave trade and it is reasonable to think that subgenotype A1 was introduced into Brazil via Angola. Yet, only about 10% of the samples characterized here belonged to genotype A. Further studies with genotype A/subgenotype A1 from Brazil and Africa should be conducted to elucidate the origin of subgenotype A1, which is frequently detected in Brazilian individuals and rarely found in Luanda, the main port of the slave trade.
In conclusion, the present study showed that HBV is highly endemic in Luanda, with a predominance of genotype E and circulation of genotype A subgenotypes A1, A2 and A3. Further molecular characterization of complete HBV nucleotide sequences from Angola will allow the assessment of their genetic variability, possible molecular signatures and patterns of mutations and deletions. The possibility that recombination events have taken place between genotypes A and E for all HBV genes should also be considered.
